This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• ' SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Cancer Immunol Immunother (1992) 34: 377-382 



ancer 

mmunology 
mmunotherapy 

© Springer- Verlag 1992 



Complement-dependent lysis of tumor cells 

by a baboon IgM antibody to a tumor-associated antigen 

Kelly K. Hunt, Masahiko Shibata*, Rishab K. Gupta, and Donald L. Morton 

John Wayne Institute for Cancer Treatment and Research, Santa Monica, California; Armand Hammer Laboratories, Division of Surgical Oncology 
Department of Surgery, UCLA School of Medicine, Los Angeles, California, USA 

Received 30 May 1991/Accepted 20 November 1991 



Summary. We developed a high-titer polyclonal an- 
tiserum to a glycoprotein tumor-associated antigen (TAA) 
by immunization of a baboon with the purified glyco- 
protein antigen. The baboon serum was fractionated into 
IgG and IgM components by DEAE Affi-Gel blue chroma- 
tography. The ability of the baboon IgM anti-TAA anti- 
body to effect tumor cell lysis in the presence of com- 
plement was tested using a chromium-release assay. The 
baboon antibody was able to lyse melanoma target cells 
(20.8%-71.4% cytolysis), breast carcinoma cells 
(36.5%-38.9% cytolysis), and a neuroblastoma cell line 
(35.5% cytolysis) in the presence of complement but did 
not effect significant lysis of autologous lymphoblastoid 
cell lines (4.9% cytolysis) or peripheral blood lymphocytes 
from healthy volunteers (12.6% cytolysis). Cytolysis of 
melanoma target cells was completely inhibited by preab- 
sorption of the IgM anti-TAA antibody with UCLA-SO- 
M14 (M14) cells and partially inhibited by preabsorption 
with several other melanoma cell lines. There was no sig- 
nificant inhibition of tumor cell lysis after preabsorption of 
the antibody with lymphoblastoid cell lines. Complement- 
dependent lysis of M14 targets could be blocked by addi- 
tion of the purified antigen to the antibody prior to incuba- 
tion with the tumor cells. Our results suggest that the 
glycoprotein TAA resides on the tumor cell surface and 
that the baboon IgM anti-TAA antibody recognizes the 
antigen on the cell surface and is able to fix complement 
and effect the lysis of the tumor cells. 
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Introduction 

Tumor progression involves a series of complex interac- 
tions between the host and tumor cell populations. Certain 
neoantigens, so called tumor-associated antigens (TAA), 
that reside on the surface of tumor cells, can be recognized 
by the host as foreign targets for immunological destruc- 
tion. Although several TAAs have been described, not all 
have been shown to be immunogenic in man. It is the 
immunogenic TAA that would be the logical targets for 
immunotherapy in addition to immunodiagnosis of human 
cancer. 

Monoclonal and polyclonal antibodies have been 
developed to a number of TAAs. These antibodies have 
allowed detailed in vitro studies of cell-surface antigens on 
human cancers and have increased our understanding of 
immune responses to cancer. A glycoprotein antigenic 
complex was first detected by reacting autologous serum 
with urine from melanoma patients [20]. This antigenic 
complex exhibited a molecular mass of 590-620 kDa by 
Sephacryl S-300 gel filtration chromatography and sedi- 
mented in the region of 28% -29% sucrose by density 
gradient ultracentrifugation [10]. Both monoclonal and 
polyclonal antibodies have been developed to this glyco- 
protein TAA in our laboratory [8, 10]. We have also de- 
monstrated the augmentation of anti-TAA antibodies of the 
IgM and IgG classes in stage II and in melanoma patients 
following the administration of a whole melanoma cell 
vaccine [9]. Unfortunately these autologous and allogeneic 
antibodies from cancer patients are available in only limit- 
ed quantities and do not allow detailed study of interactions 
between TAA and corresponding antibodies. Because of 
phylogenetic proximity in the immune systems of humans 
and primates, we used a baboon as the source of polyclonal 
antiserum to this glycoprotein TAA. The xenoantiserum 
was produced by immunization with a purified antigen, 
which allowed for the development of a more specific 
antibody than those obtained by immunization with whole 
tumor cells [7]. 
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In this report we describe the production and purifica- 
tion of a baboon IgM anti-TAA antibody and its ability to 
effect tumor cell lysis in the presence of complement. 



Materials and methods 

Preparation of TAA. TAA was purified as described elsewhere [10]. 
Briefly, a 24-h urine sample collected from a melanoma patient was 
centrifuged at 2600 g for 10 min and filtered through a Whatman no. 1 
filter-paper (Whatman International, Maidstone, England) to remove all 
sediment. The clarified urine was concentrated 100-fold using an Ami- 
con hollow-fiber concentrator equipped with an HI PI 0-8 cartridge 
(Amicon, Danvers, Mass.). Concentrated material was chromatographed 
on a Sephacryl S-200 column (Pharmacia LKB, Piscataway, N. J.) using 
0.025 M phosphate-buffered saline supplemented with 0.02% sodium 
azide as eluent at a flow rate of 25 ml/h. Fractions under each peak 
observed by absorbance at 280 nm were pooled separately, concentrated 
and tested for antigen activity using a double-determinant enzyme-linked 
immunosorbent assay (ELISA) as described previously [8]. We utilized 
murine monoclonal IgM antibody (AD1-40F4) and allogeneic IgM and 
IgG antibodies. The antigenic activity was invariably found in the first 
peak. 

Immunization protocol. A 12-year-old, 28-kg, male baboon received 
intramuscular or intravenous injections of the tumor-associated antigen 
(TAA) at 4- week intervals. TAA (100 u,g protein) in 0.5 ml phosphate- 
buffered saline was mixed with an equal volume of Mylanta II (Stuart 
Pharmaceuticals, Wilmington, Del.) and administered intramuscularly to 
the baboon at monthly intervals. After six intramuscular injections, the 
baboon was bled at monthly intervals and serum anti-TAA levels were 
measured using ELISA as described below. The baboon was boosted by 
intravenous injection with 20 jxg TAA protein 3-5 days before each 
bleed. Approximately, 75 ml blood was collected per bleed with a yield 
of about 30-35 ml serum. 

Isolation of IgM antibody. The IgM anti-TAA antibody was enriched 
from the baboon serum by DEAE Affi-Gel blue chromatography (Bio- 
Rad, Richmond, Calif.). A 15-ml aliquot of the baboon serum was 
dialyzed for 24 h in 0.02 M K2HPO4 supplemented with 0.02% NaN 3 at 
pH 8.0 with three changes of the buffer. The dialyzed serum was applied 
to a 50-ml bed-volume of the gel equilibrated with 0.02 M potassium 
phosphate buffer (pH 8.0) supplemented with 0.02% NaN3. After flush- 
ing the column with 150 ml phosphate buffer (pH 8.0) the IgM fraction 
was eluted with the phosphate buffer supplemented with 0.5 M NaCl 
(pH 8.0). The IgM fraction was concentrated to 15 ml (3.6 mg pro- 
tein/ml) using a PM10 ultrafiltration membrane (Amicon) and dialyzed 
at 4°C against Roswell Park Memorial Institute 1640 (RPMI) medium 
(J. R. Scientific, Woodland, Calif.) for 24 h with three to four changes of 
the medium (1000 ml each) to remove NaN3 before use in the cytotoxic- 
ity assay. 

ELISA. Purified TAA was adsorbed to polystyrene wells of ELISA plates 
(Dynatech Laboratories Inc., Chantilly, Va.) at a concentration of 120 ng 
protein/well in carbonate buffer, pH 9.6, by incubation at 37* C for 3 h. 
After washing, using a Titertek microplate washer (Flow Laboratories, 
McLean, Va.), 100 pi baboon IgM anti-TAA antibody, diluted serially in 
0.025 M phosphate-buffered saline and Tween-20, pH 7.2 (PBS/Tween), 
was added to the wells containing TAA and to the wells without the 
antigen. After incubation at 37" C for 45 min and subsequent washing, 
. 100p.l alkaline-phosphatase-conjugated anti-(human IgM)anubody 
(Sigma Chemical Co., St. Louis, Mo.) at 1 : 500 dilution was added to 
each well. After further incubation at 37" C for 45 min and washing, 
200 u,l p-nitrophenyl phosphate (Sigma) at 1 mg/ml in diethanolamine 
buffer, pH 9.8, was added to all wells. The plates were incubated at room 
temperature for 3 h and the color development was assessed at 405 nm 
using a Titertek Multiskan plate reader (Flow Laboratories). Each wash- 
ing step consisted of five washes with PBS/Tween. The antibody titer 
was defined as the highest dilution that resulted in an absorbance of 0.05. 



Cell lines. Tumor cell lines (melanoma, breast, and neuroblastoma) and 
lymphoblastoid cell lines were maintained in RPMI- 1640 medium 
supplemented with 10% fetal calf serum (Flow Laboratories), streptomy- 
cin/penicillin/fungizone antibiotics, and 0.01 M HEPES buffer, and incu- 
bated at 37° C in a humidified incubator until the cell growth reached 
confluency. 

Preparation of target cells. Tumor cells growing as a monolayer were 
harvested from flasks at the confluent growth phase using 0.25% trypsin 
and 0.01 M ethylene diamine tetraacetate (EDTA). The harvested single- 
cell suspensions were washed three times with 20 ml RPMI medium by 
centrifugation (500 g, 5 min). Peripheral blood lymphocytes were isolat- 
ed from heparinized blood of healthy volunteers using a Ficoll-Hypaque 
(Pharmacia) density gradient [1]. After washing the mononuclear cells 
with RPMI medium, the monocytes were depleted by layering the cell 
suspension in 10% human AB serum onto a tissue-culture dish and 
incubating it at 37" C for 1.0 h in a humidified incubator with 5% CO2 
atmosphere. The non-adherent cells were collected, washed and resus- 
pended in RPMI medium. Samples of 2x 10 6 target cells were chro- 
mated with 250 u.Ci sodium [ 51 Cr]chromate solution for 1 h at 37° C. 
Chromium-labelled target cells were washed twice with RPMI medium 
supplemented with 10% fetal calf serum and once with medium only. 
Target cells were then resuspended in RPMI medium for use in the 
complement-dependent cytotoxicity assay. 

Absorption of isolated antibodies. Tumor cells and lymphoblastoid cells 
were counted and resuspended in RPMI medium with the baboon IgM 
anti-TAA antibody (dilution 1:6) in microcentrifuge tubes (Robbins 
Scientific, Mountain View, Calif.) at the following densities: l.Ox 10 4 , 
1.0 x 10 5 , l.Ox 10 6 , and l.Ox 10 7 cells/ml. The cell supensions were 
incubated with the antibody at 4° C for 8-12 h and then centrifuged at 
7000 g for 5 min. The supemates were aspirated and used as the antibody 
source in the cytotoxicity assay. 

Blocking of anti-TAA activity. The baboon IgM anti-TAA antibody was 
incubated with protein-G-positive streptococcal cell suspension (Sigma) 
at 4"C for 12 h to remove any contaminating antibodies of the IgG type. 
The suspension was then centrifuged at 500 g for 10 min and the super- 
nate collected. Serial doubling dilutions of the antibody were made in 
RPMI medium and mixed with the purified TAA, which was diluted 1 : 2 
in PBS, incubated at 37° C for 1.0 h and used in the cytotoxicity assay to 
determine reduction in the antibody activity. The RPMI buffer was also 
absorbed with protein G streptococcal cells and used in the complement- 
dependent cytotoxicity (CDC) assay as a control to document that inhibi- 
tion was not due to material leached from the bacterial cell. 

Complement-dependent cytotoxicity assay. The cytotoxic effect of the 
baboon IgM anti-TAA antibody in the presence of complement was 
measured using a 51 Cr-release assay. Target cells were labeled with 51 Cr 
as described above and placed in 96-well microtiter plates (Costar, Cam- 
bridge, Mass.) at a concentration of 100000 cells/well, mixed with 50 |Jtl 
IgM anti-TAA antibody, diluted in RPMI medium, and incubated for 
1.0 h at 4*C. Baby rabbit complement (Cedarlane Laboratories, Ontario, 
Canada) was then added (final dilution 1:10) and incubated for 2 h at 
37" C. The plates were centrifuged at 500 g for 5 min and 100 ul superna- 
tant was aspirated from each well to determine released 5l Cr. Spon- 
taneous release was determined from wells containing only target cells in 
RPMI medium and total release was obtained from wells containing 
target cells lysed by 10% sodium dodecyl sulfate. Cytotoxicity was 
expressed by the formula: 

(experimental release - spontaneous release) 

cytolysis (%) = x 100 

(total release - spontaneous release) 
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Fig. 1. Elution profile of the baboon serum from a DEAE Affi-Gel blue 
column. The baboon IgG anti-(tumor-associated antigen)(TAA) antibody 
is eluted in the first peak using 0.02 M potassium phosphate buffer 
supplemented with 0.02% NaN 3 . The IgM fraction is eluted by adding 
0.5 M NaCl to the potassium phosphate buffer. Fractions were read at 
280 nm 
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Fig. 2. The baboon IgM anti-TAA antibody titer was determined using 
ELISA. Purified TAA was adsorbed to wells at a concentration of 
120 ng/well. Serial dilutions of the IgM antibody are added to the wells 
followed by incubation with an alkaline-phosphatase-conjugated anti- 
(human IgM) antibody. The antibody titer was defined as the dilution that 
resulted in an absorbance of 0.05 at 405 nm 



Results 

Antibody purification by DEAE Affi-Gel blue 

Figure 1 shows the elution profile of the baboon serum 
from a DEAE Affi Gel blue column using a step sodium 
chloride gradient. Two major and three minor peaks were 
eluted from the column. The first major peak contained 
IgG antibody and the second major peak contained IgM. 
These fractions were concentrated to represent the original 
volume of the serum that was placed onto the column. As 
assessed by ELISA, the first peak contained no IgM; how- 
ever, the second (IgM) peak contained trace amounts of 
IgG. Protein concentrations were 4.43 mg/ml for the IgG 
antibody and 3.6 mg/ml for the IgM antibody. 



Anti-TAA activity 

The whole baboon serum had an IgG anti-TAA titer greater 
than 1 : 1 024000 and an IgM anti-TAA titer of 1 : 64000 as 
measured by ELISA. The anti-TAA titer in the IgG fraction 
was 1:250000 and in the IgM fraction it was 1:16000 
(Fig. 2). Thus, on a volume basis, further purification of the 
IgM fraction significantly reduced the anti-TAA antibody 
activity perhaps because of loss during concentration of 
this fraction. Since the IgM fraction was not devoid of IgG 
and it had an IgG anti-TAA titer of 1 : 14000, this fraction 
(the IgM antibody) was treated with protein-G-positive 
streptococcal cells prior to use. This treatment eliminated 
all of the anti-TAA antibody of the IgG type. 

Complement-dependent cytotoxicity (CDC) of the baboon 
IgM antibody 

In preliminary experiments, UCLA-SO-M14 (M14), a 
human melanoma cell line, was used as the target in the 
5iCr-release assay. At an antibody dilution of 1:6 
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Fig. 3. Tumor cell lysis by the baboon IgM anti-TAA antibody in a 
complement-dependent cytotoxicity assay. UCLA-SO-M14 cells (Ml 4, 
melanoma cell line) were used as the target at a concentration of 
10000 cells/well. Serial antibody dilutions were added to the cells fol- 
lowed by the addition of baby rabbit complement. Percentage cytolysis 
was determined by the amount of chromium released into the medium. 



(18.5 mg/di IgM) the percentage cytolysis of M14 was 
68.3%. This cytolysis decreased with further dilution of the 
antibody (Fig. 3). Use of other melanoma cell lines, 
UCLA-SO-M7 (M7), UCLA-SO-M10 (M10), UCLA-SO- 
M12 (M12), UCLA-SO-M15 (M15), UCLA-SO-M16 
(M16), UCLA-SO-M101 (M101), and UCLA-SO-M109 
(M109), as targets in subsequent experiments revealed that 
the cytolysis ranged from 20.8% to 71.4% at an antibody 
dilution of 1 :6 for the different cell lines (Table 1). The 
degree of cytolysis was dependent on the antibody dose 
(data not shown). 

Other target cell lines used were two breast carcinoma 
(CPR and MCF) ceil lines, five neuroblastoma (CHP, 
Lan-1, Lan-2, Lan-5 and SHF) cell lines, peripheral blood 
lymphocytes (PBL) from healthy volunteers, and five 
lymphoblastoid [UCLA-SO-L15 (L15), UCLA-SO-L14 
(L14), UCLA-SO-L10 (L10), UCLA-SO-L21 (L21), and 
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Table 1. Complement-dependent cytotoxicity against various cell lines 



Cell line 



Cytolysis 3 ± SD (%) 



Melanoma 
M7 
M10 
M12 
M14 
M15 
M16 
M101 
M109 

Breast carcinoma 
CPR 
MCF 

Neuroblastoma 
CHP 
Lan-1 
Lan-2 
Lan-5 
SHF 

Lymphoblastoid 
L15 
L14 
L10 
L21 
L24 

PBL b of healthy controls 



43.4 ±2.2 
40.0 ±5.0 
71.4±0.4 
68.3±5.6 

36.5 ±2.8 

20.8 ±4.0 
25.3 ±4.6 
29.0 ±2.7 

36.5 ±9. 1 

38.9 ±13.4 

35.5 + 1.5 
39.3 ±3.7 

34.5 ±7.6 

31.6 + 11.6 
29.2±8.3 

4.9 ±4.9 
9.7 ±4.1 
5.8±3.6 
7.9 ±5.3 
5.2 ±4.4 

12.6+3.21 



a Percentage lysis was computed by the formula given in the text In this 
set of experiments, spontaneous release of radioactivity was 10% - 15% 
b Peripheral blood lymphocytes 



UCLA-SO-L24 (L24)] cell lines. As noted in Table 1, 
complement-dependent cytotoxicity against the breast car- 
cinoma cell lines was 36.5% (CPR) and 38.9% (MCF). For 
neuroblastoma targets it ranged from 29.2% to 39.3%. On 
the other hand, the range of cytolysis for lymphoblastoid 
cells was from 4.9% to 9.7%. Under the same experimental 
conditions the cytolysis of and PBL from healthy volun- 
teers was 12.6%. 



Effect on CDC of absorption of the baboon IgM antibody 
with various ceil lines 
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Fig. 4. Specificity of inhibition of cytolysis of the M14 target cells by 
preabsorption of the baboon IgM anti-TAA antibody with M14 and L14 
cells. After absorption with 1.0 xlO 7 Ml 4 cells there was complete 
inhibition of the M 14 target cell lysis. However, there was no significant 
inhibition of M14 cell lysis by preabsorption of the baboon antibody with 
LI 4 cells {lymphoblastoid cell line autologous to M14) 
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Fig. 5. Inhibition of cytolysis of M14 cells, mediated by baboon IgM 
anti-TAA antibody, by preabsorption of the antibody with various mela- 
noma cell lines. M7, M10, M12, M14, M24, and M109 led to significant 
inhibition of lysis of the M 14 target cells. Absorption with melanoma cell 
lines M15, Ml 6, MI01 and Ml 04 did not lead to significant inhibition. 
Similarly, the ery throleukemia line K562 did not significantly alter tumor 
cell lysis. 



Since the baboon IgM anti-TAA antibody was able to lyse 
tumor targets, in the presence of complement, but not nor- 
mal or lymphoblastoid cells, it was logical to assume that 
the target antigen (TAA) was located on the cell surface. 
To confirm this assumption, the antibody was reacted with 
1.0 x 103 to 1.0 x 107 tumor cells and 1.0 x 10* to 1.0 x 10 7 
cells from the paired autologous lymphoblastoid, UCLA- 
SO-L14 (L14), cell line. The absorbed antibody was used 
at a final dilution of 1 :45 in the CDC assay against the 
M14 target The cytolysis of the M14 target was 
completely inhibited by absorption of the antibody with 
1 .0 x 10 7 M14 cells. The cytotoxicity to the M 14 cells after 
absorption of the antibody with L14 cells remained vir- 
tually unchanged (Fig. 4). To determine whether this inhi- 
bition of CDC of M14 cells could be observed by absorp- 
tion of the antibody with other cell lines, similar experi- 



ments were performed where ten different melanoma cell 
lines and an erythroleukemia ceil line, K562, were used to 
pretreat the baboon IgM antibody. The antibody was ab- 
sorbed separately with 1.0 x 10 4 to 1.0x,10 7 cells of each 
of the cell lines at 4° C for 16 h and tested in the chromium- 
release assay with M14 cells used as the target. The results 
were expressed as the percentage inhibition of CDC of 
l.OxlO 4 M14 cells. The melanoma cell lines which 
showed significant inhibition were M7 (26.4%), M10 
(23.5%), M12 (33.5%), M14 (96.3%), and M24 (43.2%). 
The L14 and K562 cell lines exhibited less than 10% 
inhibition of CDC (Fig. 5). 



70-1 




1/15 1/30 1/60 1/120 1/240 



Antibody dilution 

Fig. 6. Inhibition of baboon antibody-mediated cytolysis of MI 4 cells by 
purified TAA. Addition of purified TAA to the baboon antibody at 1 : 120 
dilution reduced the cytolysis from 34.8% to 4.2% 



Blocking oflgM anti-TAA CDC to Ml 4 cells with 
purified TAA 

In order to confirm that the complement-dependent cyto- 
toxicity of the polyclonal baboon IgM anti-TAA antibody 
was indeed due to the interaction of the antibody with the 
antigen on the cell surface, the antibody was pretreated 
with the purified antigen prior to use in the chromium-re- 
lease assay. For this purpose, purified TAA was added to 
the serial antibody dilutions as a blocker and allowed to 
incubate at 37° C for 45 min. The blocked antibody mix- 
tures were then used in the chromium-release assay. The 
cytotoxic effect of the baboon IgM antibody to M14 cells 
was significantly reduced by pretreatment with the purified 
TAA (Fig. 6). This reduction was most pronounced (from 
34.8% to 4.2% cytolysis) when the antibody was at a 
dilution of 1 : 120. Cytotoxicity of the protein G plus com- 
plement to the M14 cells was only 7.5%. The TAA antigen 
plus complement exhibited less than 1% cytolysis of the 
M 14 cells. 



Discussion 

The specificity of surface antigens of human cancer cells 
has been the subject of debate for many years [18]. 
Xenoantisera to membrane-associated antigens of malig- 
nant melanoma have been developed in many animal mod- 
els including rabbits [5, 16, 22], guinea pigs [11], monkeys 
[6, 3, 15, 17], and chimpanzees [21]. In many of these 
studies, the investigators were not able to demonstrate 
specificity of the antibodies to melanoma-associated an- 
tigens and this was often a criticism of using xenogeneic 
antisera. The antibodies in most of these early studies were 
generated by using whole melanoma cell preparations as 
immunogens, which might have elicited nonspecific anti- 
bodies reactive with other antigens present on the surface 
of tumor cells. In our study, we have been able to obtain 
high-titer antibodies to a glycoprotein TAA by immunizing 
the baboon with purified TAA prepared from the urine of 
melanoma patients. 
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We have previously reported that the glycoprotein TAA 
is detected in the urine of 64% of melanoma patients but 
only 5% of normal individuals [10]. While some 
melanomas do not express the TAA, detection in the urine 
may also be subject to differences in the turnover and 
release of the antigen from the cell surface or to interfer- 
ence by complexes resulting from release of the antigen 
with other membrane fragments [5]. The baboon IgM anti- 
TAA antibody that we have developed is cytotoxic to mel- 
anoma and other tumor cell lines in the presence of com- 
plement. The IgM antibody separated from the baboon 
serum was found to be contaminated with IgG antibody 
as demonstrated by ELISA; however, the IgG fraction 
was devoid of IgM antibody. Indeed, the contaminating 
IgG antibody may interfere with the ability of the IgM 
antibody to effect cytolysis. In our initial experiments, the 
IgM anti-TAA antibody was only able to effect lysis of 
40% -50% of tumor cells. We felt this was due to competi- 
tion between the IgG and IgM antibodies for interaction 
with TAA on the tumor cell surface. This competition was 
reduced by pretreating the IgM fraction with protein G, 
which absorbs the contaminating IgG antibody. The IgM 
antibody was then able effectively to lyse 70%-80% of the 
cells. The IgG fraction of the baboon serum was not cyto- 
toxic to any of the tumor cell lines tested even in the 
presence of complement. Lando et al., described a similar 
occurrence when they studied the cytotoxic antibodies 
found in the serum of hepatoma-D23 -bearing rats [14]. 
While the IgG fractions were found to have immune com- 
plexes formed by interaction between IgG antibodies and a 
tumor-associated antigen, these were not involved in the 
cytotoxic activity to D23 hepatoma cells. 

We found that the baboon IgM anti-TAA antibody was 
cytotoxic to some tumor cell lines, including melanoma, 
breast carcinoma, and neuroblastoma lines, in a comple- 
ment-dependent cytotoxicity assay. The cytolysis ranged 
from 20.8% to 71.4% in different cell lines. There was no 
significant cytolysis; however, to lymphoblastoid cell lines 
or fresh human peripheral blood lymphocytes. The vari- 
ability in complement-dependent cell lysis by the baboon 
antibody to these different cell lines may be related to the 
amount of TAA expressed on the cell surface or to differ- 
ences in susceptibility to lysis of the individual cell lines. 

The fact that the baboon IgM antibody is able to lyse 
tumor cells other than melanoma is not unexpected since 
we have recently been able to detect TAA in the urine and 
serum of patients with carcinoma of the lung, breast, and 
colon and patients with sarcomas but only in about 5% of 
normal volunteers [2, 13]. 

Cultured cell lines have been demonstrated to have 
changes in the expression of cell-surface antigens when 
compared with the parent cell line or tissue of origin [4, 
12]. These changes are probably dependent on multiple 
factors including period of time in culture and interaction 
of the cells with proteins in the tissue-culture medium. 
Since the baboon antibody is able to lyse M14 cells but not 
autologous lymphoblastoid cells (L14), this suggests that 
the baboon antibody is recognizing a tumor-associated an- 
tigen and not simply a nonspecific epitope located on the 
cell surface or histocompatibility locus antigen (HLA) de- 
terminant. Further supporting evidence for a tumor-as- 
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sociated antigen is the inability of the baboon antibody to 
lyse human lymphocytes from normal volunteers. 

To test further our hypothesis that the baboon antibody 
was interacting with TAA on the cell surface, we perform- 
ed absorption studies of the IgM antibody with various cell 
lines. The antibody was ineffective at lysing tumor target 
cells after preabsorption with M 14 cells but retained essen- 
tially all of its activity after absorption with the same 
number of lymphoblastoid (LI 4) cells. Other melanoma 
cell lines used for absorption showed varying degrees of 
inhibition of CDC. Again, this may be related to the density 
of antigen on the cell surface. Nores et al. have recently 
shown that the reactivity of the mouse monoclonal anti- 
body M2590, directed at GM3 ganglioside, depends on the 
density of GM3 exposed at the cell surface [19]. Although 
TAA is a glycoprotein antigen, the antigen/antibody inter- 
actions on the cell surface may be dependent on the density 
of the antigen and related confirmational changes of the 
molecule in the cell membrane. 

The ability of viable tumor cells to inhibit CDC by 
preabsorption of the baboon anti-TAA antibody supports 
the concept that it is a cell-surface molecule recognized by 
the antibody. We were further able to inhibit cell lysis by 
adding purified TAA to the antibody prior to its use in the 
cytotoxicity assay. At an antibody dilution of 1 : 120, cyto- 
toxicity was reduced from 34.8% to 4.2% (88% inhibition 
of cytolysis). At higher concentrations of antibody, inhibi- 
tion by the same concentration of purified TAA was only 
35% to 50%. This suggests that at antibody concentrations 
represented by less than 1 : 120 dilution of the IgM fraction, 
the concentration of purified TAA was not high enough to 
neutralize all of the antibody molecules. These blocking 
experiments are contributing evidence that the antigen rec- 
ognized by the baboon IgM antibody on the surface of the 
tumor is the glycoprotein tumor-associated antigen that 
was used as the immunogen to raise the antibody. 

Since the TAA is shed in the urine of cancer patients, 
this makes it a useful marker for immunodiagnosis and 
possibly for immunoprognosis. The results of investiga- 
tions described here suggest that TAA is a cell-surface 
antigen that is associated with tumor cells and specifically 
recognized by the baboon anti-TAA antibody. This makes 
the glycoprotein TAA antigen a potential target for im- 
munotherapy and immunodetection. The baboon anti-TAA 
antibody (IgM) is able to lyse tumor cells in the presence of 
complement. This cytolysis can be blocked by the presence 
of purified antigen. The baboon antibody may prove to be 
a useful adjunct to monoclonal antibodies in the study of 
tumor-associated antigens in vitro. It may also be useful as 
a radiolabeled antibody for in vivo studies using animal 
models or for radioimmunodetection of tumor in humans. 
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